The aim of the present study was to elucidate the clinical characteristics of pregnancy-associated maternal deaths.
Introduction
Maternal death is the most devastating event seen in obstetrics practice. The maternal mortality ratio is defined as the number of maternal deaths per 100,000 live births.
This ratio is used as an overall quality indicator of national maternal health and can be used for international comparisons. Over the last 20 years the number of maternal deaths has declined worldwide by 34% 1 . However, declines in developed countries have been limited. Recent reports show increases in maternal mortality in the United States and the Netherlands 2 4 .
In Japan, the maternal mortality rate has shown remarkable declines, with reported rates of 87. 6 in 1965, 28.7 in 1975, 15.8 in 1985, 7 .2 in 1995, and 4.1 in 2010 5 . In 2013, the Japan Society of Obstetrics and Gynecology announced an annual report by the subcommittee for the examination of causes of maternal death and their prevention 6 . This report showed that hemorrhage in the third stage of labor is the most frequent cause of maternal deaths in Japan.
To prevent future maternal deaths, individual cases of maternal death must be assessed. However, because maternal deaths are rare, insufficient information is available about the clinical signs and symptoms, causes of death, and the timing of onset. In the present study, we aimed to elucidate the clinical characteristics of patients who had maternal deaths. We retrospectively analyzed 26 cases of maternal death that occurred in patients treated in 1 of 3 hospitals affiliated with Nippon Medical School, Japan, during a 31-year period.
Materials and Methods
We performed a retrospective case study analysis of maternal deaths related to pregnancy using medical records and autopsy reports. The most common cause of the 19 direct maternal deaths was amniotic fluid embolism, which was present in 7 cases (27.0% of all deaths) ( Table 3 ). In 6 of these 7 patients, amniotic fluid embolism was associated with Pregnancy-associated Deaths Pregnancy-associated Deaths Fig. 1 Relationship between maternal death and gestational age Twelve (46.2%) maternal deaths occurred at 37 to 41 weeks of gestation. Of all 26 maternal deaths, 69% occurred at 32 to 41 weeks of gestation. After 31 weeks of gestation, the number of maternal deaths increased progressively. Fewer deaths occurred in the second trimester than in the first or third trimester. 
Discussion
We performed a retrospective analysis of 26 cases of pregnancy-related maternal deaths during a 31-year period in the affiliated hospitals of Nippon Medical School.
Our study has 3 important findings. First, the leading cause of maternal deaths was amniotic fluid embolism and was followed by obstetric hemorrhage. Second, 69%
of all 26 maternal deaths occurred at 32 to 41 weeks of gestation. Third, risk factors for maternal death included a family history of cerebral aneurysm in 2 women who Regarding risk factors for maternal death, we found that 2 women whose deaths were caused by intracranial hemorrhage had a family history of cerebral aneurysm. A history of aneurysmal subarachnoid hemorrhage in 2 or more first-degree relatives is reported to increase the lifetime risks of unruptured intracranial aneurysm and aneurysmal subarachnoid hemorrhage 14 16 . Therefore, screening for intracranial aneurysms should be considered for patients who have at least 2 first-degree relatives with aneurysmal subarachnoid hemorrhage according to guidelines from the European Stroke Organization and the American Heart Association 14, 17, 18 . In Japan, Okamoto
and Horisawa have reported a case-control study of the relationship between family history and subarachnoid hemorrhage 19 . They showed that the risk of subarachnoid hemorrhage was elevated when (1) any first-degree relative had a positive episode of subarachnoid hemorrhage, (2) a mother or father had a relative with a positive episode of subarachnoid hemorrhage (an effect much greater in magnitude with a maternal rather than paternal history), and (3) any first-degree relative older than 50 years had a subarachnoid hemorrhage. They concluded that to prevent the onset of subarachnoid hemorrhage at a younger age, much more attention should be paid to individuals with any family members (first-degree relatives) who had episodes of subarachnoid hemorrhage.
In conclusion, we found that amniotic fluid embolism was the leading cause of maternal deaths, followed by obstetric hemorrhage. To prevent and reduce the number of maternal deaths in Japan, further basic and clinical research on amniotic fluid embolism is required. Of the 26 maternal deaths in our study, 69% occurred during 32 to 41 weeks of gestation. We also noted the effect of pregnancy-associated hypervolemia. To prevent the onset of subarachnoid hemorrhage during pregnancy, much more attention should be paid to patients with any family members (first-degree relatives) who had episodes of subarachnoid hemorrhage or cerebral aneurysms.
